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Report  8926-002 

Material  -  Titanium  Alloy  -  Tl-13V-llCr-3Al 
(B120-VCA) 

Strength  and  Driving  Ch^acterlstlcs  of 
Cold  Headed  Rivets 


Abstract 

Three- sixteenths  inch  diameter  cold  headed  flat- head  Tl-13V-llCr-3Al 
(B- 120- VGA)  titanium  alloy  rivets  were  fastened  Into  0.04'3  Inch  thick 
4130  steel  strips  heat  treated  to  l80,000  to  200,000  psi  ultimate 
tensile  strength.  Ultimate  sheeu*  strengths  of  109,000  to  100,000  psl 
were  developed  by  gun  driving  and  squeezing  cold  headed  rivets  and  by 
gun  driving  cold  headed  and  annealed  rivets.  Severe  cold  working 
during  cold  heading  caused  rivet  breakage  during  driving,  but  this 
was  relieved  by  vacuum  annealing  prior  to  driving. 

Reference ;  Stler,  H. ,  Bergstedt,  P.  W. ,  Turner,  H.  C., 

"Cold  Headed  Rivets  of  B- 120- VGA  Titanium  Alloy," 

General  Dynamic s/Convalr  Report  MP  58-262,  San  Diego, 
California,  2k  November  1958  (reference  attached). 


FOKM  laito  (MCV. 


C  O  N  V  A  I  R 

A  D)  VISION  OF  GENEF^AL  DYNAMICS  CORPORATION 

SAN  DIEGO 


STR0CTU8BS  *  MATERIALS  LABORATORIES 


DATF  24  MoTIBbT  1958 
MODEL  BJE4  702fi - 


PREPARED  BY. 

H.  Stler  ^ 

CHECKED  BI 

P.  W*  Bez^stadt 

CHECKED  BY  — 

H.  C.  Turner 

CHECKED  BY  no.  of  paces. 


O.  OF  DIAGRAMS. 


GROUP  Meterlele  t  ProceeRn  lAb« 

REFERENCE _ 


APPROVED 

1.  r.  slangy  wli^f 
of  Structure*  it  Meteriels  I«k 


REVISIONS 


CHANCE 


PACES  AFFECTED 


7fnTiTOrgjii.^4'.P4Vi"n.i'.i,^p 


FORM  1*)aA.4 


SAN  OllOO 


PRiPARtoav  Sti«r 

CHiCKKo  BY  BargBtadt/TurBBr/Sutharl&nd 
RKVISKO  BY 


RBPoirr  NO.  Mf  58-242 
moobl  114  7028 
DAT!  11-24-58 


To  dBtBmine  the  itrenfth  and  driving  chAracteristice  of  cold-headed  rivets 
of  B-120-VCA  titanium  alloy. 

cfiBSLtfaO«» 

1.  Lapped  Joints  fastens^  hjr  eold-headed  B-120-VCA  rivets  vitb  protruding 

ilat  heads  have  these  streng^st  (sdien  tested  at  room  temperature  in  Joints 
[in  hardened  4130  stejel  she5'-~ 


Ultimate  shear,  psi 
Ultimate  tensile,  psi 


2.  The  cold-headed  rivets  have  a  severely  deformed  grain  structure  at  the 
base  of  the  manufactxired  head  ^ich  causes  the  rivets  to  fall  by  snapping 
off  the  manufactured  head  when  loaded  in  shear  or  tension. 

3.  The  cold  work  effects  (mentioned  in  2)  can  be  relienred  by  an  snnteUng 
treatment  of  the  cold -headed  rivets  before  driving  (vacuum  anneal  at 
1450*F.,  30  ndn. ,  AC). 

4.  The  strength  of  gunned  rivets  which  have  not  been  vacuum  annealed  before 
driving  depends  upon  who's  behind  the  gun  as  shown  bslsvt 

Ultimate  shear,]  Ultijmte  tensile, 

_ Ell _  _ Eli _ 

G-6  gun.  Riveter  01  76,700  15,2i0r 

G-6  gun.  Riveter  §2  109,600  59,400 

5.  Corrosion  in  7075-T6  Alolad  is  accelerated  by  the  bare  B-120-fCA  rivets. 

6.  A  load  of  11,200  pounds  is  required  to  squeeze  a  1/4  in.  diameter  head 
on  a  3A6  in,  diameter  B;-120-VCA  rivet. 

xkt 

The  rivets  provided  for  this  teat  were  3/lb  in.  diameter  flat-head  rivets  of 
B-120-VCA  tltenlum  which  had  been  cold-headsd  in  ths  annealed  condition.  The 
manufactured  heads  had  a  fillet  of  .008  in.  radius  between  the  heed  and 
the  shank.  Rivet  shanks  protruded  1.14  diameters  before  driving  In  the  sheet 
oomblnatlons  of  this  test. 


Cold-Headed  Rivets 

Cold-Heeded  A 

Qunnsd  Sgpseesed 

Ounned 

109,600 

59,400 

109,400 

62,000 

110,400 

96,000 

rONiB 
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TEST  3PBCT>^ai  (Contlnusd) 

The  shear  epecioens  were  of  the  single  lap-joint  type  vltb  tvo  taadsB  rlYSts 
spaced  at  3/4  In.  along  the  longlt-jdinal  center-line  of  the  Joint  and  with 
1/2  in.  of  edge  distance  The  sheet  aaterlal  was  .063  iR*  thick  4130  steel 
strips,  2  In.  wide,  heat  treated  to  180,000  -  200,000  psi* 

The  tension  specimens  were  similar  to  those  of  Figure  1  of  ETL  Beport  9536 
haring  a  single  rlret  throiigh  two  sheets  of  •063-ls.  thick  4130  steel. hMt 
treated  to  180,000  -  200,000  pel. 

Two  methods  of  driving  of  rivets  were  esployed  In  fabricating  the  shear  and 
tension  specimens i 

a)  Squeesing  with  a  flat  set  in  a  pneumatic  compression  riveter,  and 

b)  gunning  with  a  flat  set  In  a  0-6  pneunatlc  rivet  gun. 

Rivets  which  cracked  dvirlng  driving  were  removed  from  rivet  holis  with  a  drill 
and  punch.  Driven  rivets  were  Inspected  for  cracked,  off  center,  or  tilted 
heads. 

One  group  of  rivets  was  vacuum-annealed  (1450°F.,  30  min.,  AC)  after  cold-head¬ 
ing  and  prior  to  driving.  These  rivets  were  sealed  in  a  Yycor  glass  tube  at 
a  pressure  of  about  3  microns  of  mercury.  The  rivets  were  cleaned  with  alcohol 
and  absorbent  cottcm  before  annealing. 

’Corrosion  specimens  bad  three  driven  rivets  spaced  at  one  inch  along  the  longi¬ 
tudinal  center  line  of  .125*  x  1  l/2”  x  10”  coupoms  of  clad  7075-T6  sheet  or 
321  stainless  steel  sheet. 

TEST  PBncTRntreRi 

The  shear  specimens  were  pulled  In  a  60,000  pound  Tlnius-Olsen  tensile  machine 
at  a  maximum  loading  rate  of  1000  pounds/ndn.  A  U-1  exteneometer  or  an  8-1 
eoctensometer  was  used  to  measure  the  yield  strength  of  the  Joint  by  recording 
a  stress-strain  curve  from  ^diioh  the  load  corresponding  to  a  permanent  Joint 
set  of  .005”  could  be  determined.  The  curve  was  continuous  and  was  intersected 
by  an  off-set  drawn  parallel  to  the  straight-line  portion. 

The  tension  specimens  were  forced  apart  with  a  special  fixture  (described  in 
ETL  Report  9536)  which  produced  a  tensile  load  on  the  rivet.  The  fixture 
was  loaded  in  conpresslon  at  1000  or  4000  pounde/min.  in  the  60,000  pound 
Tlnius-Olsen  machine. 

The  corrosion  specimens  were  wiped  with  alsbhol  and  placed  in  a  salt  spray 
cabinet  for  observation.  The  salt  spray  was  operated  in  accordance  with 
Federal  Test  Method  Standard  151,  Mstbod  811. 
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RESULTS  &  DISCUSSION t 

The  results  of  Table  I  show  the  importance  of  proper  gunning  techniques  and  the 
beneficial  effect  of  yacuun-annealing  of  rivets  prior  to  gunning*  The  low 
strength  of  specimens  gunned  by  Riveter  #1  oan  be  attribute  to  bis  unfamillarity 
with  the  rivet  material.  Driving  of  the  cold-headed  B-120VCA  rivets  (no  thermal 
treatment  after  cold-heading)  requires  a  heavy  manual  force  behind  the  0-6  gun* 
Riveter  H  used  insufficient  force  with  the  G-6  gun  and  produced  a  driven  bead 
which  was  widest  at  the  top.  Properly  gunned  rivets  have  driven  heads  which 
bulge  at  mid-height. 

Vacuum  annealing  of  rivets  after  cold-heading  and  prior  to  driving  not  only 
improved  the  strength  but  also  permitted  easier  gunning  of  the  rivets.  No 
heads  cracked  or  snapped  off  during  gunning  of  the  vacuiun-annealed  rivets. 

(Four  of  the  un-annealed  manufactiired  heauis  snapped  off  while  being  gunned.  ) 

Most  of  the  driven  heaids  of  annealed  or  xin-auinealed  rivets  were  somewhat  off- 
center  however  (not  rejectable  according  to  MPS-46.O5— D). 

The  type  of  failure  of  the  vacuum-annealed  rivets  which  were  tested  in  tension 
indicated  that  the  cold  work  effects  in  the  manufactured  heads  were  completely 
relieved  by  the  annealing  treatment.  Instead  of  snapping  off  when  loaded  in 
tension,  the  manufactured  heads  sheared  along  a  surface  parallel  to  the  surface 
of  the  rivet  shank.  (Also,  see  ADDENDUM  below.) 

The  load  required  to  squeeze  the  protruding  heads  of  the  3/16  in.  diameter 
titanium  rivets  to  .2501  .007  in.  diameter  is  given  in  Table  II. 

The  corrosion  specimen  Incorporating  titanium  rivets  in  clad  7075-T6  sheet 
was  severely  attacked  after  250  hours  in  the  salt  spray  cabinet.  A  heavy, 
grey,  adherent  scale  covered  the  Alclad  in  areas  up  to  one  inch  in  diameter 
near  each  rivet.  The  corrosion  specimen  Incorporating  tltauilua  rivets  in 
type  321  stainless  steel  was  slightly  attacked  after  400  hours  in  the  salt 
spray  cabinet.  A  small  amount  of  rust  appeared  to  be  emanating  from  the 
crevices  between  the  rivet  heads  and  the  stainless  shSbt. 

ADDENDUM »  Micro-sections  through  the  manufactiu*ed  heads  showed  a  complete  re- 
crystallization  of  the  cold  worked  grains  after  vacuum  annealing.  (See  Fig.  1.) 

The  severely  deformed  grains  were  replaced  by  a  new  set  of  polygonal  grains  of 
approximately  the  s^e  grain  size  it  hardness  as  the  non-deforroed  grains.  The 
Rockwell  C  hardness  in  the  deformed  &  non-deformed  grains  is  given  belowt 


Hsu*dness  in  deformed 

HardxMss  in  non-deformed 

grains,  Rockwell  C  * 

grains.  Rockwell  C  * 

Cold-headed 

rivets  . 

.  38  -  40 

30-32 

Cold-headed 
rivets  .  .  ( 

A  vacuum  suuiealsd 

.  30  -  33 

30  -  32 

*  Rockwell  C  converted  from  Knoop  indentations  with  1400  gram  load. 

NOTE I  The  data  from  which  this  report  was  prepared  are  recorded  in  Laboratory 
Data  Book  No.  3011. 


SODIS 


FOtM  T1 


CONVAIR 
SAN  DIEGO 


TABLE  I.  RESULTS  OF  TESTS  OF  RIVETED  JOINTS  INC0RP0RA.TING 
PROTRUDING  HEAD  B-120-VCA  TITANimi  ALLOY  RIVETS 
_ IN  4130  STEEL  SHEET (s) 
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TENSION  TESTS  OF  RIVETED  JOIIJTS 


Identif .  Rivet 


Driven  Thermal  I  ULT . 


Mole  Head  Treatme 


Method  Diam. .1 


NONE 


.241-. 25d  ” 


Squeeze 

.199 

■HU 

.192 

It 

.193 

ULT. 


STRENGTH  OF 


□  si .  (d)  FAILURE 


48,200 


62,100 


75,600  1&3 


El 


.248-.25'; 

NONE 

.278 

.•275 

1  ..  . 

NONE 

t1 

Avg. 

15,200 


80,60 


59,400 


..(rr 


99,000  4&5 

95,700  4 


96,0251 
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Microsections  through  the  manufactured  heads  of  rivets  of  B-120-VCA 
titanium  alloy.  TOP:  Cold-headed.  BOTTOM:  Cold-headed  &  vacuum- 
euinealed.  (100-X.  Kroll's  etch.) 


FIGURE  1 


